UNCLASSIFIED 


AD  NUMBER 

AD334089 

CLASSIEICATION  CHANGES 

TO: 

unclassified 

FROM: 

confidential 

LIMITATION  CHANGES 

TO: 

Approved 

unlimited 

for  public  release,  distribution 

FROM: 

Controlling  Organization:  British  Embassy^ 
3100  Massachusetts  Avenue^  NW^  Washington^ 

DC  20008. 

AUTHORITY 

DSTL,  ADM 

302/88,  18  Nov  2008;  DSTL,  ADM 

302/88,  18  Nov  2008 

THIS  PAGE  IS  UNCLASSIEIED 


CONFIDENTIAL 


334  089 


He^i'uxluced 
luf-  ilte 


ARMED  SERVICES  TECHNICAL  INFORMATION  AGENCY 
ARLINGTON  HALL  STATION 
ARLINGTW  12.  VIRGINIA 


CONFIDENTIAL 


NOTICE:  When  government  or  other  drawings,  speci¬ 
fications  or  other  data  are  used  for  any  purpose 
other  than  in  connection  with  a  definitely  related 
government  procurement  operation,  the  U.  S. 
Government  thereby  incurs  no  responsibility,  nor  any 
obligation  ;diat soever;  and  the  fact  that  the  Govern¬ 
ment  may  have  formulated,  furnished,  or  in  suoy  way 
supplied  the  said  drawings,  specifications,  or  other 
data  is  not  to  be  regarded  by  implication  or  other¬ 
wise  as  in  any  manner  licensing  the  holder  or  any 
other  person  or  corporation,  or  conveying  any  ri^ts 
or  permission  to  manufacture,  use  or  sell  any 
patented  invention  that  may  in  any  way  be  related 
thereto. 


A.U.W.t.TMli  N«<«88/62 


CONFIDENTIAL 


U.O  C.  No 

673-663 

a> 

CO 

o 

CO 

CO 


ac::l;,.dm/  62/  -^12- 


A.  U.  W.I.  Toch  Note86/62 

^  58, 


COTY 


SHIPS  PRESSURE  FIELDS. 


x/2 


o. 


BY 

S.  CCAD. 


C-- 

r. 

P- 


'*TM|  4ocum«M  ti  th*  «(  H.M.’  »it4  ll  I«mm  tor  th*  Intorwwtto*  0f  mmof. . 

Tlw  ofTlMr  In  pOMMtton  of  tM«  4ocuin«nt  it  rwpontiM*  tor  lu  Nto  CMMdjr  »n4  iIim  Kt  conoim 
•ra  Ml  <Hctow<  to  anjr  «n*iKliofiM4  p^noit.  k  mwai  b«  kaft  aMar  lack  m4  kajr  wkan  am  in 
aaa  an4  Mf  laai  or  iaauniitaa  nmni  ko  roforiak  to  tka  orl|inaiiii|  twakllikiMai  tkraa|h 

normal  tkaknait". 


ADMIRALTY  UNDERWATER  WEAPONS  ESTABLISHMENT 

to 

f  ASTU  PORTLAND 


JAN301363  \ 

UiJL:aU  w  uiL^ 
JISIA 


a 


CONFIDENTIAL 


^flxci-OPEO  From  Aijtomati6 
Regrading?  Dod  Dir  5200.10 
Does  Not  AppuY 


caciTiais  cr  RnjjsF 


mil  Information  Is  dlsclosad  only  for  official  uaa  by  tht  rod  pi  ant  Corarniant 
and  socb  of  Its  contractors,  tskdar  seal  of  sterscy,  as  may  ba  antatad  on  a  dafanca 
projact.  Olsclosura  to  any  otbar  GoTornianc  or  ralaaaa  to  tho  Prass  or  dlscloaara  In 
any  otbar  any  mould  constltuta  a  branch  of  thasa  conditions.  Tha  Information  tenld 
bo  aafaguardad  aidor  rulas  dasUnad  to  glTa  tha  aama  atantkrd  of  aacnrlty  as  motntalnad 
by  Rar  najaaty*s  Goramiant  In  tha  Uhltad  KInste.  Tha  raclplmt  Is  mamsd  that 
Information  oontalnad  in  chls  doctsient  may  ba  subject  to  prlTotalr-omnod  rights. 


Tha  rlama  axprassad  hcrain  do  not  oacassertly  raprasant  tha  oonsidarad  opinion 
of  tha  Issuing  EstabllAmant  and  must  not  ba  takan  to  daflna  A(kiralty  or  Dapartnantal 
policy. 


COmDENTIAL 


U.D.C.  No.  623.863 


A.U.W.E.  Technical  Note  88/62 
July  1962 


S.  Coad 


“oOo** 


pismiBunoN 


D« Cr.W.  (u} j  Batii  ..4  ..4  ... 

C.E.N.  S.  S.  «4«  444  .44 

jD.P4E4  .44  444  ...  .44 

A4E4W4  444  444  .44  444 

A.E.L.  444  .44  444  ..4 

Captc-in,  H.M.  S.  VERNON  . 

SecrGtojy,  Naval  Board 
liilitcry  Agency  for  Standardisation 
(for  distribution  to  N.A.T.O.  Coimtries) 

A.  C.  S.  X.  If.  .4.  .«4.  ..4 


1  to  2 


8  to  47 


48  to  77 


t  contains  Inforaatlon  affsottog 
•This  document  cont  within  tho  B»anln«  of  tho 

Befense  of  the  United  Stat  3  Section  793  end 

Isplonage  Laws,  Uvelatlon  of  Its  contoBiS 

by  !«»•* 


CONPIDENTIAL 


COIiTENTS 


P’.C'G  CaLS  ««a  *  *  a  m 

Conclurdons 

^xon  •••  • 

Choice  of  Dimensionless  Pnrameters 
The  Basic  Data  . 


•  •  • 


t  •  « 


The  Peak  Suction 

The  Quantity  PQ2  .  . . 

The  Duration  of  Suction  9 

The  Shapes  of  Pressure  Signatures  . 

References 

Appendix  A:  Simple  Theory 

Appendix  B;  Further  Application  of  Simple  Theory 


•  •  • 


*  «  • 


•  •  • 


•  •  • 


Page 


1 

1 

3 

3 

4 

5 

8 

10 

11 

12 


LIST  OF  TABLES 


Table 

1 

2 

3 

4 

5 

6 

7 


Series  60  Hull  Shape  Data. 

Uodel  Mercliant  Ship  Observations. 
Dependence  of  P  upon  Y«  Series  60  Ships. 


Series  60  Ships.  Value  of  Cp  .  . 

V 

Variation  of  Dimensionless  PO^  vdth  h/L. 

Coaparison  of  Detailed  and  A,pproxiniate  Estimates  of  9/0l 


Corapcjrison  of  Detailed  end 


Approximate  Estimates  of 


COIffi’IDEOTIiJj 


U.D.C.  No.  625.863 


(i) 

A.U.W.E.  Technical  Note  88/62 
July  1962 


SHIPS'  PRESSUBE  FIELDS 
by 

S.  Goad 


-oOo- 


DISTRIBUTION 


D. &.¥. (U),  Bath  . 

C. R.N.  S.S.  . 

D. P.R.  ...  ... 

A.E.W.  ...  ... 

A.R.L.  ...  ... 

Captain,  H.M.S.  VERNON 

Secretary,  Naval  Board 
Military/-  Agency  for  Standardisation 
(for  distribution  to  N.A. T.O.  Countries) 

A.  C.S.I.If.  ...  ...  ...  ...  . 


■P-ppy.  Np.». 

1  to  2 

3 

k 

5 

6 

7 

8  to  47 

48  to  77 


COI'lEIDENTIAL 


(ii) 


COiraENTS 


CXS  •••  •••  <•«  •••  ••• 

Conclusions 

Introduction  . 

Choice  of  Dimensionless  Parameters 

The  Basic  Data  . 

The  Peak  Suction 

The  Quantity  PS  2  . . 

The  Duration  of  Suction  0 

The  Shapes  of  Pressure  Signatures  . 

References 

Appendix  A;  Simple  Theory 

Appendix  B;  Further  Application  of  Simple  Theory 

LIST  OF  TABLES 


Table 

1 

2 

3 


5 

6 


Page  No, 

1 

1 

3 

3 

4 

5 
8 

10 

11 

12 


Series  60  Hull  Shape  Data, 
llodel  Merchant  Ship  Observations. 

Dependence  of  P  upon  Y*  Series  60  Ships. 

Series  60  Ships.  Value  of  Cp  .  .  —  . 

V 

Vaj-iation  of  Dimensionless  PO^  with  h/L. 

Comparison  of  Detailed  and  Approximate  Estimates  of  9/0^. 

Coraprrison  of  Detailed  and  Approximate  Estimotes  of  ^ 


LIST  OF  FI&URES 


Figure 

1 

to  Series  60  Keel  Signatures. 

12 

13  Logarithmic  Plot  of  a  PiN3ssure  Parameter  Versus  Relative  Depth  - 

Model  Merchant  Ships. 

14  Logarithmic  Plot  of  a  Pressure  Parameter  Versus  Relative  Depth  - 

Series  60. 

15  Observed  Dependence  of  P  Upon  Y  for  a  Model  Merchant  Ship. 

16  Dependence  of  P  Upon  Displacement. 

17  Illustrating  a  Misleading  Apparent  Cp^  Law. 

18  A  Pressure  Numeric  against  Relative  Depth. 

19  Universal  Curve  Connecting  Peak  Suction  with  Relative  Depth. 

20  Variation  of  Peidc  Suction  with  Distance  Abeam  at  Various  Depths. 

21  Variation  of  Dimensionless  P©^  with  h/L. 

22) 

23)  Variation  of  Dimensionless  P©*  v/ith  Distance  Abeam. 

24) 

25  Variation  of  Transit  Time  with  Distance  Abeam. 

26  Fullness  Ratio  Versus  Depth, 

Fullness  Ratio  Versus  Distance  Abeam, 

Modified  Fullness  Ratio  Versus  Distance  Abeam, 

LIST  OF  SY?.{B0LS 

P  The  peak  pressxire-reduction  occurring  in  a  ship's  signature, 

P^y  The  pressure  change  on  the  sea-bed  at  a  point  X  obal’t  the  bow  and 
y  abeam  of  the  track. 

Py  The  peak  pressure  reduction  occurring  at  a  distance  y  abeara. 

©  The  duration  of  reduced  pressure, 

©L  The  time  taken  for  a  ship's  length  between  perpendiculars  to  pass, 

h  Depth  of  water. 

L  Length  of  ship  between  perpendiculars. 

V  Speed  of  ship, 

p  Density  of  water. 

Cp  Prismatic  coefficient  of  hull, 

V  Displacement  volume  of  hull. 


27; 

28 


25 

30 


LIST  OF  SYMBOLS  (Contd. ) 

Displacement  mass  of  hull.  (A  =  P'5;. 

Acceleration  due  to  gravity. 

VX/gh  ,  the  ratio  of  ship' s  speed  to  the  critical  wavonaking  speed. 
Fullness  Ratio 
Modified  Fullness  Ratio 


I  defined  in  pcjngrafhs  45  nnd  47. 


COKPSliTIAL 
SHIPS »  rosssuig  mus 


1 


HU^IS 


1 .  Detailed  predictions  of  the  pressure  field  of  a  ship  may  he  made  by 
the  methods  of  Heferenoe  1  •  This,  however,  involves  lengthy  numerical 
computation  for  each  ship  and  each  set  of  oondltlons  and  it  is  desirable  to 
have,  if  possible,  single  formulae  which  relate,  if  only  approximately",  the 
most  important  features  of  the  pressure  field  to  parameters  represent!:^ 
the  form  of  the  ship's  hull, 

2.  Dimensional  analysis  suggested  the  form  which  such  relations  might 
take  and  basic  data  derived  from  observation  and  from  the  detailed  theory 
were  duly  examined. 

3.  The  peak  siiotion  P,  the  suction  durs-tion  6  and  the  quantity  P0*mey  be 
e:q)ressed  in  terms  of  two  hull-shape  parameters.  Other  important  features, 
oonoeming  pressure  signature  shape  and  relevant  to  the  actuation  of 
'simple'  and  'integrating'  mines,  may  also  be  estimated. 

CONCLUSIONS 

4*  Inportant  features  of  the  pressure  oliange  on  the  sea-bed  due  to  a 
passixig  ship  may  be  estimated  either  from  simple  formulae  or  from  universal 
curves.  The  ship  is  described  sufficiently  by  two  hull-shape  parameters  of 
a  type  familiar  to  naval  architects  -  the  prismatic  ooeffioient  and  the 
ratio!  displaced  volume  to  length  cubed. 
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3. 


jmODUCTION 

5,  The  pressure  ohange  on  the  sea-bed  due  tb  a  passing  ship  may  be  pre¬ 
dicted  from  the  theory  of  References  1  and  2*  This,  however,  requires 
lengthy  numerical  computation  for  each  hull  and  each  set  of  conditions,  but 
in  pressure  mine  countermeasures  work  it  is  dbsirable  to  have  e:{pressions 
which,  even  if  not  highly  accurate,  afford  a  means  of  rapidly  assessing 
significant  featuz*es  of  any  ship*s  signature.  Now,  whereas  the  detailed 
oonputations  start  from  detailed  information  ds  to  the  curve  of  underwater 
section  areas  of  the  hull,  it  seems  that  ships  in  general  are  sufficiently 
alike  to  be  characterised  individually  by  a  small  number  of  shape  parameters, 

6,  Features  of  the  pressure  field  which  ax^  of  particular  Importance  are 
the  peak  suction  P,  the  duration  of  suction  0,  and  the  combined  magnitude 
P0*,  Knowledge  of  these  quantities,  which  apart  from  ship’s  shape  are 
affected  also  by  depth,  distance  abeam  and  speed,  is  sufficient  for  the 
estimation  of  safe-speeds  against  sinple  pressure  mines.  The  import 
describes  regularities  noticed  in  the  dependence  of  these  quantities  on  the 
conditions  and  presents  simple  approximate  formulae, 

7,  The  substance  of  the  report  was  communicated  in  an  informeJ.  presenta¬ 
tion  to  the  N.A,T,0,  Min**  Countermeasures  forking  I^irty  Panel  of  Teohnioal 
and  Sbientlf lo  Experts  at  their  meeting  in  Ib.rls  in  October  1 9^1 , 

CHOICE  OF  DIMENSIONLESS  PARAJ/ESTERS 

8,  A  dimensional  analysis  suggests  that  the  pressure  at  any  point  (i^y)  in 
a  ship's  pressure  field  should  be  capable  of  expressions  in  the  fcann:- 

-  flS  h  i  +  hull  shape  parameters )  , 

where  f  symbolises  some  unknown  functional  dependence.  It  is  clear  that  in 
this  form  of  e3q)res8ion  the  absolute  size  of  ship  is  uniopoiiiant,  the 
dimensionless  pressure  being  decided  by  geometrical  relationships  expressing 
the  ratios  of  characteristic  lengths, 

9,  In  principle,  to  cater  for  all  possible  hull  shapes  it  would  be 
necessary  to  include  an  infinite  nximber  of  shape  parameters,  however  it 
appeared  that  hulls  of  conventional  form  would  be  permitted  little  scope  for 
variation  if  both  Cp  and  7/L3  were  fixed.  Cp  broadly  fixes  the  rates  of 
growth  and  decay  of  the  underwater  section  area  along  the  ship's  length, 
but  a  fixed  Cp  alone  would  not  locate  a  ship  in  the  range  from  short  and 
bluff  to  long  and  slender.  This  degree  of  freedom  is  eliminated  by  specify¬ 
ing  7/L3,  Thus  it  was  hoped  that  regularities  based  on  th^  following 
expression  might  be  discovered;- 

10,  Since  the  peak  suotion  rather  than  the  detailed  variation  of  pressure 
throughout  a  signature  is  of  direct  interest  the  termX/L  may  be  omitted. 


4. 


Pinally,  instead  of  '/  it  is  convenient  to  substitute  the  quantity 

Y  =  >  where  is  the  critical  wavemaking  speed, 

11.  These  considerations  suggest  that  a  search  for  simple  regularities 
should  be  guided  by  the  expression:- 


A  similar  egression  would  be  expected  to  govern  other  dimensionless  para¬ 
meters,  such  as  Q/Qu  associated  with  the  pressure  signature. 

THE  BASIC  DATA 


12,  It  was  intended  initially  that  the  investigation  should  be  purely 
e:iq)erlmental  and  as  a  beginning  four  model  merchant  ships  were  made  and 
pressure-ranged  in  the  A.UJ'.E.  Jiiniature  Ship  Tank.  Apart  from  some 
difficulties  in  interpretation  of  the  pressure  signatures  of  these  small 
models,  which  were  later  resolved  (Befez*ence  4),  it  was  clear  that  experi¬ 
mental  scatter  would  tend  to  obscure  any  relationships  and  necessitate  a 
long  programme  of  measurements.  Since  tHe  detailed  theory  and  observation 
had  been  shown  to  be  broadly  consistent  (Reference  5)  and  a  digital  compu¬ 
ter  was  available  to  speed  computation,  it  was  decided  to  adopt  the  comple¬ 
mentary  approach  of  computing  signatures  for  a  methodical  series  of  hull 
shapes.  These  would  not  be  subject  to  experimental  scatter  and,  even  if 
the  predictions  only  approximate  the  truth,  their  oonsistenoy  should  aid 
the  discovery  of  semi-emplrioal  rules. 


13.  Accordingly  the  pressure  fields  of  three  hull  shapes  belonging  to  the 
D.T.M.B,  series  60  (Reference  6)  and  having  different  values  of  Cj»  were 
computed.  Table  1  gives  details  of  the  hull  shapes  and  Figures  1  to  12 
show  keel  signatures  for  various  values  of  h/L  and  for  two  values  of 
Y(0,1  and  OA),  The  theoretical  expression  (Reference  l)  which  leads  to 
the  keel  signatures  may  be  written 

_  _ 

-SaL  =  .  -i- 


i-y2 


,  LX 
^  "  h  L 


f  dt 


where  s  maximum  underwater  seotlon  area  of  hull 

Aj  s  section  area  at  longitudinal  station  distant  tL  from  forward 
perpendicular 

function  &  is  proportional  to  the  pressure  contribution  at  X  on  the  sea-bed 
from  a  doublet  of  strength  A(t)dt  at  position  tL, 


14.  It  is  clear  that,  for  a  given  Cp,  variation  of  hull  shape  as  regards 
7/L^  sinply  generates  a  family  of  si^^tures  in  which  the  pressures  are 
proportional  to  V/l^ .  On  the  other  hand  the  situation  as  regards  Cp ,  for  a 


5. 


given  V/L^,  is  less  simple  in  principle  because  variation  of  Cp  affects 
the  factor  A(t)/AM  in  the  integrand.  It  was  sufficient  in  the  confutation 
therefore  to  examine  the  ofTects  of  varying  only  Cp  * 

15*  A  further  source  of  data  was  a  miscellaneous  collection  of  computa¬ 
tions  and  measurements  in  respect  of  various  ships  and  derived  from  various 
sources.  Some  of  this  information  was  of  doubtful  value  owing  to  omissions 
and  it  was  realised  that  scatter  could  be  caused,  for  instance,  by  over¬ 
looked  differences  in  the  definition  or  evaluation  of  the  peuameters  - 
differences,  for  exasfle,  between  waterline  length  and  length  between  per¬ 
pendiculars,  between  nominal  and  actual  displacement. 

THE  PEAK  SUCTION 

16.  In  this  section  the  dependence  of  peak  suction  upon  the  parameters, 
taken  as  far  as  possible  separately,  is  examined.  To  some  extent  this  does 
not  reflect  the  actual  procedure  which  first  suggested  the  correlations,'  in 
that  a  rule  for  one  parameter  having  been  found  the  data  may  be  reduced 
accordingly  and  made  available  for  exhibiting  other  regulartties , 

Dependence  on  Depth 

17.  Table  2  shows  measured  data  for  the  four,  model  merchant  ships  at  six 
depths  in  the  range  0,094^  h/L  ^  0,625»  A  tentative  reduction  of  the  data 
in  regard  to  Y  nud  V/L3  has  been  made  and  the  results  are  averaged  to  show 
the  sinjjle  power  law  dependence  upon  depth  illustrated  in  Figure  13.  The 
index  is  very  nearly  minus  1 ,5. 

18.  The  result  of  a  similar  reduction  of  the  data  for  the  Series  60  ships 
is  shown  in  Figure  14.  Here  the  data  have  been  tentatively  reduced  with 
regard  also  to  (^ ,  A  (depth)****®  law  would  fit  very  well  over  a  substantial 
range  but  a  moderate  disagreement  is  evident  at  the  larger  depths.  This  is 
not  revealed  in  the  experimental  results  but  these  do  not  extend  to  great 
enough  depths  to  establish  a  distinct  discrepancy. 

Dependence  on  Y 

19.  It  was  known  that  at  very  low  speed  the  pressures  in  a  signature  are 
accurately  proportional  to  V*  but  that  at  higher  speeds  the  actual  values 
exceed  the  extrapolated  ones  by  an  increasing  fractional  discrepancy.  The 
theozy  of  Reference  1  is  limited  to  values  of  Y  <  0*4  but  even  so  the 
manner  of  the  dependence  upon  y  cannot  be  extracted  in  sliqple  form  from 
the  expression  of  peuragraph  ^3.  The  theoretical  e35®^®®To®  suggests  that 
the  residual  dependence  of 

p  upon  Y 

should  be  investigated. 

20.  Figxire  15  shows  the  results  of  an  experiment  on  one  of  the  model 
merchant  ships  in  which  Y  w®’®  varied  between  0,2  and  0,43 .  Strictly  the 
experiment  indicates,  as  was  to  be  e3q>eoted,  that  a  varying  "n”  would  be 
necessary  according  to  the  range  Y  to  be  covered  by  a  law  of  the  form: 


6. 


P  B  k(l-Y^)“«  .  Paotors  bearing  bn  the  choice  of  a  suitable  value  for  n  irere:- 

(a)  There  ia  some  dependence  on  Y(i.e*  n/  o). 

(b)  Per  small  Y  the  dependence  is  not  sensitive  to  the  precise  value 

of  n. 

(o)  At  small  Yi' n  -1;  at  larger  values  |n|  increases  to  2  or  more, 
n  s  -1  aas  chosen  because 

(d)  Only  small  errors  (~  3??)  would  be  involved  for  values  of  Y  up  to 

0.4,  provided  the  nunerloal  ooeffloient  were  sviltably  chosen. 

(e)  n  s  -1  is  8in5>le. 

(f)  The  computed  values  for  Series  60  ships  for  Y=  0.1  and  Y=  0,4 

show  good  agreement  if  reduced  according  to  This  is 

shown  in  Table  3  which  indicates  that  the  variation  with  Y  does 
not  depend  upon  the  shape  of  ship  but  does  depend  slightly  on 
depth.  However,  the  mean  value  of  the  ratio  of  pressures 
between  the  different  values  of  Y  is  quite  consistent  with  the 
(l-Y*)"'  law.  But  the  curvature  shown  in  Figure  15  suggests 
that  this  aoovirate  agreement  may  be  a  fortuitous  consequence  of 
the  particular  values  of  Y  chosen. 

21 .  A  more  thorough  examination  of  the  dependence  of  P  upon  Y  might 
perhaps  be  profitable  but  it  is  clear  that  the  fitting  of  a  (l-Y*v*'  Xaw 
avoids  the  significant  error  which  would  result  from  ooi^pletely  ignoring 
the  Y  dependence,  and  for  practical  purposes  this  “first  order  compensation" 
is  probably  adequate.  Moreover  the  recognition  of  this  dependence  serves 
as  a  reminder  that  the  sinple  speed-squared  law  falls  badly  at  high  speed 
even  though  prediction  will  not  then  be  accurate. 

Dependence  on  V/L^ 

22.  The  theory  indicates  that  the  pressure  at  a  given  abscissa  should  vaiy 
directly  with  V/L^  and  it  follows  that  the  peak  suction  will  vary  in  the 
same  way. 

23.  Experimental  evidence  confirms  this.  For  example  it  had  been  noticed 

that  the  relative  scatter  in  the  entries  of  Table  2  was  considerably 
reduced  by  the  inclusion  of  the  factor  ^  order  to  examine  the 

matter  further  the  displacement  of  one  of  the  model  merohant  ships  was 
deliberately  varied  over  a  wide  range  by  changing  the  ballast.  The  varia¬ 
tion  of  peak  suction  with  displacement  is  shown  in  Figure  16,  A  straight 
regression  line  fitted  to  the  experimental  points  has  a  slightly  smaller 
slope  than  a  line  joining  their  mean  to  the  origin,  but  this  is  attributable 
to  the  marginal  and  unavoidable  changes  of  Cp  and  L  that  were  associated 
with  the  variation  of  V,  This  was  confirmed  by  examining  the  ratio  between 
the  pressures  associated  with  the  normal  displacement  (567  grammes)  and  with 
a  large  displacement  (8IO  grammes).  Values  of  Cp  and  L  were  reassessed  for 
the  larger  displacement  from  the  ship's  sheer  drewings.  The  formula  of 
paragraph  28  accounts  within  ~  2^  for  the  observed  value  of  the  ratio. 
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Dependence  on  Cp 


24.  The  data  originally  tested,  i.e.  model  merchant-ship  data  and  mis¬ 
cellaneous  computations,  did  not,  owing  to  a  moderate  scatter,  give  a  clear 
indication  of  the  dependence  on  Cp«  Of  two  tested  relationships,  of  the 
form  PCp  =  const,  and  R3p*  =  const,,  the  evidence  favoured  the  latter  hut 
this,  as  it  turned  out,  was  misleading.  Figure  i?  shows  the  way  in  which 
the  alternative  pare.meters  based  on  the  limited  data  depend  on  Cp.  Some  of 
the  scatter  here  is  due  to  In^erfeotlon  of  the  compensation  for  depth  by 
means  of  the  factor  (V^)  However,  it  is  clear  that  for  the  points 
which  have  Cp  to  the  first  power  in  the  ordinate  expression  there  is  a 
residual  dependence  on  Cp  which  is  apparently  removed  by  using  the  factor 
Cp^  instead. 


23 1  Only  when  other  data  were  tested  did  it  become  clear  that  a  simple  Cp 
law  would  be  better.  It  was  then  appreciated  that  the  original  data  for 
the  higher  prismatic  coefficients  had  been  observed  and  those  for  the 
lower,  oonputed.  This  ootild  account  for  the  distinct  regression  shown  by 
the  '’Cp  points'*  because  there  is  some  evidence  (Reference  3)  that  the 
theory  slightly  overestimates.  The  discrepancy  Illustrates  the  risk  which 
is  involved  in  basing  statistical  conclusions  on  non-homogeneous  data. 

26.  With  regard  to  the  Series  60  ships  Table  4  shows  that,  except  perhaps 
at  the  greatest  depths,  the  value  of  .P  is  substantially  uniform  over  the 
range  of  Cp  .  A  graph  of  the  values  plotted  against  depth  is  shown  in 
Figure  I8,  which  also  displays  the  results  of  computations  for  vai*lous 
actual  h\ill  shapes  with  Cp  ranging  f^m  0.347  to  O.8. 

The  Joint  Dependence 

27*  It  appears  from  the  foregoing  discussion  that  an  es^ression  of  the 
form:- 


^  •  Cp  =  f (1)  . 

should  hold  approximately  for  all  ships.  That  it  does  so  is  strongly 
suggested  by  Figure  13  which  displays  miscellaneous  results,  both  observed 
and  computed,  for  many  ships.  Some,  at  least,  of  the  quite  small  scatter 
arises  from  lack  of  homogeneity  in  the  data,  ibe  drawn  curve  was  sketched 
through  the  mean  conputed  points  for  the  Series  60  ships. 


28.  In  the  range  0,1  <  which  covers  many  practical  oases  and 

moat  of  the  data,  the  curve  is  well  approximated  by  the  formula:- 


P(l-Yg)  L3 
ipr‘  ’  ’ 


Cp 


P 


which  is  represented  by  the  straight  line  in  the  logarithmic  plot  of 
Figure  14*  It  will  be  noticed  that  the  actual  values  depart  from  the  line 
by  about  79^  at  the  extremes  of  the  quoted  range  -  the  formula  overestimating. 
At  the  midiue  of  the  range  there  is  a  2^  underestimation. 
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The  Effect  of  Distance  Abeam 


29,  Per  a  given  ship,  speed  and  depth  the  peak  suction  falls  off  at  points 
away  from  the  keel-line.  The  variation  is  shown  for  two  values  of  Cp  in 
Figure  20,  The  simple  soverpe-sink  representation  yields  (Appendix  B)  an 
asymptotic  expression  valid  for  large  distances  abeam  and  vanishingly 
small  values  of  Y.  Allowing  for  the  anticipated  variation  with  Y  discussed 
above  this  suggests  the  following  expression;- 


—  Is  p  1 

^  y  +  Cp  V4 


provided  yV^^  +  QpV4  -  2hVl'^  >  0, 

That  it  in  fact  holds  is  shown  for  two  Series  60  ships  in  Table  7.  J^or 
most  practical  purposes  estimation  from  the  diagram  of  Figure  20  would 
suffice,  slnoe  the  curves  are  independent  of  l/l?  and  there  is  not  a 
marked  dependence  on  Cp. 


THE  QU/iNTITY  PQ^ 


30,  P6®  is  important  in  pressvure  mine  countermeasures  because  it  is  sub¬ 

stantially  independent  of  speed  of  ship  and  is  therefore  capable  of  repre¬ 
senting  a  ship  while  safe  speeds  are  being  determined.  In  order  to 
establish  the  dependence  on  the  other  parameters  it  was  decided  to  examine 
the  behaviour  of  the  dimensionless  quantity: - 


Vturiation  of  P0^  on  the  Keel  Line 


31 .  Table  5  shows  factors  of  the  above  expression  for  the  Series  60  ships 
and  for  NJ^,V.  Spa,  for  a  range  of  h/L  and  for  two  values  of  Y.  It  was 
noticed  that  the  inclusion  of  the  further  factor  (1-Y^*  effectively 
removes  the  dependence  on  Y  (Column  6), 


32.  On  making  a  logarithmic  plot  of  Column  6  against  Column  2  it  appeared 
that  the  data  for  each  ship  oould  be  accurately  represented  by  a  law  of 
the  form:- 


(l-Y^)* 


s  Constant. 


33  •  The  data  were  then  examined  to  see  whether  the  variation  from  ship  to 
ship  oould  be  expressed  in  terms  of  the  hull  shape  parameters.  It  was 
noticed  that  this  could  be  accomplished  by  reference  to  V/L^  alone,  the 
variation  of  C  p  being  of  no  aocoiont .  (Figure  21 ) . 

34*  At  medium  and  large  depths  the  expression;- 
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fits  the  data  very  well,  but  at  depths  for  which  the:  pressure  signatures 
show  two  minina  the  greatest  suction  is  somewhat  greater  than  implied  by 
the  above  expression,  whereas  the  suotion  at  the  tuzning  point  (the  relative- 
maximum  of  pressure)  near  the  middle  of  the  signature  is  somewhat  less. 

When  a  signature  has  more  than  one  minimum  the  peak-suotlon  Is  no  longer  the 
obvious  choice  to  represent  the  general  suotion  magnitude.  A  one-parameter 
srepresentatlon  clearly  has  shortoomings  and  it  is  fortunate  that  the  sisple 
law  predicts  reasonable  intermediate  values.  It  is  found  that  if,  for  suoh 
signatures,  P  is  taken  to  mean: 

^(Absolute  Minimum  Pressure  +  Relative  Maximum  Irtssure) 

then  the  above  expression  fits  very  well  throughout  at  least  the  range: 

0.1  <  h/L  <  0.8.  In  Table  5  (Columns  7  and  8)  this  value  is  given  in 
parentheses,  where  it  differs  from  the  peak  value. 


33 •  Column  8  of  Table  3  shows  actual  values  -  the  bracketed  values  are 
those  defined  as  above  for  "double  hunped"  signatures.  The  aoouraoy  with 
which  this  simple  law  seems  to  hold  is  all  the  more  remarkable  fdien  it  is 
recalled  that  P  and  6  separately  do  not  obey  simple  depth-laws  over  suoh  a 
wide  range. 


36.  It  is  possible  without  excessive  error  to  represent  the  data  by  a 
slople  inverse-depth  law:- 


37.  At  low  speeds  (Y  small)  this  expression  in  turn  leads  to  the  following 
praotloal  formula  for  keel  signatures 


P02  B  11 .2  r  inch  water,  seo^ 
•  n 


where  A  is  the  ship's  displacement  in  tons  and  h  the  depth  in  feet.  At 
i^L  =  0,1  the  magnltiide  predicted  from  the  sia^lified  expression  would  be 
about  13^  low,  and  at  h/L  =  0,6  it  would  be  about  1^  high. 

The  Effect  of  Distance  Abeam 


38.  The  variation  of  dimensionless  PO^  with  distance  abeam  is  shown  for 
various  depths  in  Figures  22,  23  and  2if.  It  appears  that  at  large  distaroes 
abeam  the  values  level  out,  and  it  was  noticed  that  the  levels  oould  be 
accurately  represented  by  the  expression: - 


lEMOTG 


39.  it  is  of  Interest  to  note  that  this  semi-empirloal  expression  is 
quite  consistent  with  the  magnitude  predicted  from  a  simple  souroe/sink 
representation  of  a  ship,  if  the  separation  of  source  and  sink  is  taken 
to  be  CpL.  (See  Appendix  A).  The  simple  theory  then  leads  to  a 
numerioal  coefficient  of  it/x  (A  1.273). 
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40.  Ignoring  the  gentle  dependence  on  Y»  wid  using  the  approximate 
es^reasion  for  the  keel  line,  we  can  write  the  following  expression  for  the 
range  of  athwart ships  variation  of  Pd*:- 


Renote 


KmI  L|1« 


-1 


which  in  praotioal  units  leads  to:> 


8.5  ^  <  11,2  ^  inch  water,  sec* 


wheM  A  is  expressed  in  tons  and  h  in  ft. 


THE  DURATION  OF  SUCTION  6 


Keel  Line  Case 

41 .  The  expressions  for  P  and  Pd ^  given  in  pasragraphs  28  and  34  lead  to  an 
es^resslon  for  Q:- 

^  =  ■'•35(1)'%*  (i-r>)* 

provided  the  limitation  of  paragraph  28  is  observed  (i.e.  0,1  <  li/L  <  0,5); 
it  being  expeoted  that  the  predicted  value  would  be  some  3^  low  at  the 
extremes  of  the  range  and  slightly  high  at  the  middle.  Values  given  by 
this  ej^ression  and  by  detailed  calculation  are  oomnared  for  a  few  oases  in 
Table  6^ 

The  Effect  of  Distance  Abeam 

42.  The  variation  of  6,  relative  to  the  keel  line  value,  not  is  shown 
for  a  razige  of  relative  beam-distances  in  PLgure  23.  It  is  clear  that  at 
moderate  <md  large  distances  abeam  there  is  a  substantial  dependence  on  Cp« 

43.  It  is  noted  that  the  expression:- 


fits  very  well  at  large  distances  abecun,  and  so  does  the  ej^ression:- 


IThenoe:- 

Ij-  i  2(yyLa  +  Cpy4)*  (1-Y«)*  , 

i  » 

which  shows  the  sasis  dependence  .on  Y.  as  in  the  keel  line  case. 
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44.  As  might  he  expected,  for  sufficiently  large  distances  abeam  a  siaple 
source-sink  representation  of  the  ship  predicts  the  value  of  d  accurately 
for  the  case  whenY  "*  0  (see  Appendix  a\ 

THE  SfiiLPES  OF  mSSSURE  SIGMATURE3 


43*  It  is  clear  upon  examining  an  assortment  of  pressure  signatures  that 
the  suction  part  of  the  signature  takes  various  shapes,  according  to  the 
conditions,  from  a  quasl-reotangular  form  to  a  quasl-triangular  form.  Por 
given  peak  suction  and  duration  of  suction  the  first  shape  would  be  more 
likely  to  actuate  a  SiiiQ>le  P^ssvire  Mine  than  the  second.  Slgmtures  may 
be  ordered  in  this  connection  by  associating  with  each  a  "Fullness  Batio"  F 
defined  as  follows 


Time  integral  of  suction 

pe 


A  rectangular  signature  would  give  F  =  1,  and  a  triangular  F  =  0,3. 

46.  The  variation  of  F  with  Cp  and  depth  is  shown  in  Figure  26  for  keel 
signatures.  Figures  2?  and  28  show  the  effect  of  distance  abeam.  It 
appears  that  at  large  relative  distances  finm  the  ship,  F  tends  to  the  same, 
relatively  low,  valtie  (•*  0,33)  regardless  of  the  shape  of  ship. 


Shape  in  Relation  to  "Integrating;  Mines" 


47.  If  an  integrating  feature  were  included  in  a  pressure  mine  in  order  to 
eliminate  dependence  on  the  speed  of  the  target  it  is  likely  that  the  mine 
would  be  arranged  to  sense  the  magnitude  of 

J  (suction) *  dt. 

So  that  signatures  may  be  ordered  also  in  this  connection  a  modified  full¬ 
ness  ratio  F*  is  appropriate 


Time  integral  of  (suction)* 
P*  6 


Figures  29  and  30  show  that  this  qioantity  varies  between  0,67  and  0,86, 

48,  Since  P0^  and  hence  P*6  are  readily  determined  (paragraph  34)  a 
knowledge  of  F*  leads  immediately  to  an  estimate  of  the  integral.  Taking 
the  approximate  expression,  for  the  keel  line,  we  have  for  the  range  of 
variation  athwartshlps:- 

P»  / 8,3  ^  <  f  P*  dt  <  F’  /l1 .2  ^  .  (inch  water)*,  sec 

Alwaa  ^  ^  Itosl 

if  d  is  expressed  in  tons  and  h  in  feet.  Or,  Inserting  the  approjiriate 
values  of  F';- 


(inoh  water) A.seo. 
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APESNDIX  A;  SIMPLE  TljEORY 

1 .  In  this  appendix  the  assumptions  of  Reference  3  cxe  adopted,  no-aely 
that  the  ship  can  be  represented  by  a  single  source  end  single  sinlc  and  that 
the  water  surface  can  be  treated  as  plane  and  rigid. 


2.  Reference  3  shows  that:- 


^Xy  -  ; 


AV® 


X.  \/z 


*  \/^  1 
■  "■"  '  “j,  >  hea 


^  2jCgh  ,  y2  ^  Cr-Le/2)^  y2  +  Cr+I^/2) 

V 

provided: - 


d  of  fluid  units. 


y2  +  Cr-Le/2) 


fTli 


.Jid 


y2  +  ^+1^/2)' 


>  <«  1  »l^h 

>  “-1 .4h  . 


(The  origin  is  raidivay  beti.een  source  e  nd  sinlc,  and  L,  is  the  separation  of 
souuace  r.nd  sinlc.  'A'  is  the  midships  cross  sectional  area  of  the  ship). 
Hence  PjCy  =  0  vehen:- 

_  +  Ijj/Z 

y2  +  (r-Le/2)^  y2  +  (X+L^/zf 
i.e,  when:- 


Since  6  =  2  X  ,  then:- 

V 


Again,  F  =  Pjy 


a  M1  (  _ \ 

■  27;gh  \y2z,l^2/J 


he;  d  of  fluid  units 


v.tience  F6* 


her  d. time 2 


This  is  independent  of  dist,.nce  abeam,  y,  provided  the  above  conditions  ;j?e 
satisfied.  Making  this  expression  dimensionless,  by  reference  to  the 
dyn;jnic  pressure  and  the  time  taken  for  the  ship’s  length  bet’.yeen  loerpendiou- 
lajs  to  pass,  we  have:- 

. .  pe^  _  _  AALa 
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Put;- 


Tj0  —  4C  pL  • 


Then,  since  CpAL  =V:- 

diiaensionless  =  4k  V/L^  . 


4k  V/l3 

tTvIT 


Corapriring  this  with  the  expression  in  pr.rcgrrph  38  it  Is  seen  thr..t  tliere  is 
good  consistency  if  k  =  1 ,  i.e.  if  La  =  CpL;  and  if  Y  0.  There  are 
independent  reasons,  incidentrJ-ly,  for  identifying  the  effective  source-sink 
separation  with  CpL.  (Reference  1),  (The  simple  theory,  in  assuming  a 
plcjie  water  surface,  cannot  of  course  indicate  the  dependence  on  Y»  it 
would  be  e:^ected  to  make  valid  predictions,  if  rt  all,  only  V7hen  Y"^  0») 


comimmjn 


1!5 


c®ro]|!^iL 


APr^^roiX  B,;,.,  FUR.TIISII  APPLICiTIOH  OF  SIMPIjB 


1 .  The  success  of  the  simple  source-sink  theory  in  predicting  the  value 
of  P6^on  the  boam  (Appendix  A)  prompts  the  encjuiry  whether  there  would  be 
similar  success  in  predicting  P  if  the  identification:  L,  g  CpL  were  again 
made.  • 


2.  Ws  have,  as  in  Appendix  A:- 

CpL  AV^  /  _ 1  \ 

-  2,^  ly^.Cp^LV4j 

=  -Z. .  li  .  i  \ 

2g:c  h  iy^+Cp^lV^  /  * 
since  CpL/i  =  7, 

Rearranging  and  expressing  in  fundamental  units 
Pny  1  V  L/  1  S 

-|pV^  7C  *  hV  yVL^+CpV4  1  * 

3.  It  can  be  shown  from  the  restrictions  nuoted  at  the  beginning  of 
Appendix  A  that  this  expression  would  bo  erpeoted  to  hold  within  about  lOfo 
provided 

y2/L2  -  2h2/L2  +  CpV4  >  Ok 
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TABLE  1;  D.T.M.B.  SSRIES  60  HULLS 
DimpuriCTT  d#  suBi^la^D^'sECTicyi  Am. 


Model  4210  W 

Cp  =  0.614 

Model  4212 

Cp  =  0.710 

Model  4214  ' 

Cp  =  0.605 

X/L 

Fraction  of  Mldslilps  Section  Area 

0 

0 

0 

1/32 

O.O4.I 

0.094 

0.293 

2/32 

0.109 

0.213 

0.5A-5 

3/32 

0.177 

0.339 

0.713 

A/32 

0.255 

0.477 

0.833 

5/32 

0.342 

0.605 

0.912 

6/32 

0.433 

0.715 

0.961 

7/32 

0.531 

0.807 

0.987 

V32 

0.630 

0.881 

0,997 

9/32 

0.721 

0.937 

1,000 

10/32 

0.800 

0.968 

1,000 

11/32 

0.869 

0.980 

1.000 

1V32 

0.923 

0.998 

1.000 

13/32 

0.961 

1  .000 

1 .000 

1V32 

0.984 

1.000 

1  ,000 

15/32 

0.998 

1.000 

1 ,000 

16/32 

1 .000 

1  .000 

1.000 

17/32 

0,998 

1  .000 

1  ,000 

18/32 

0.991 

1  ,000 

19/32 

0.980 

0.995 

1 .000 

20/52 

0.960 

0.960 

1 ,000 

21/32 

0.929 

0.971 

0.997 

22/32 

0.885 

0.945 

0.982 

23/32 

0.824 

0.904 

0.959 

2V32 

0.749 

0.845 

0.915 

25/32 

0 .663 

0  ,768 

0.853 

26/52 

0.567 

0.653 

0.741 

27/32 

0  .462 

0.563 

0.668 

26/32 

0.352 

0.A43 

0.550 

29/32 

0.246 

0 .319 

0.421 

30/32 

0.142 

0.186 

0.271 

31/32 

0 .055 

0.069 

0.110 

1(A.P.) 

0.004 

0.005 

_ _  0.010 
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T/'JLE  2;  liODEL 


SKI?  OBSERVATIONS 


Upper  Entry 


Lonrer  Entry 


EhzxH 

P(l-Y^)  L3 
4pv^  ^ 


Ship 

HIPQN 

KIKTEH3URY 

BIRCHOL 

r*“- 

SPA 

||H 

V/L^ 

8.38  X  10"'5 

8.45  X  10“3 

0.91  X  lO"'^ 

10,22  X  1Cr3 

Moan 

■■■■■I* 

h/L  = 

0.224 

0.237 

0.336 

0.094 

26.8 

28.0 

32.9 

29.2 

0.125 

0.153 

0.153 

0.175 

0.195 

18.3 

18.7 

19.6 

19.1 

18.9 

0.20 

0.081 

0.082 

0.094 

0,093 

m 

9.67 

5.70 

10.5 

9.1 

mk 

0.375 

0.032 

0.036 

0.058 

■ 

3.8 

L_.  _ 

4.26 

3.7 

m 

0.50 

0.022 

0.024 

2.6 

2.4 

2.55 

0,625 

I  0,014 

1.67 

0.015 

1.77 

0,018 

1.76 

1.73 
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TABLE  3;  DEPENDENCE  OF  P  UPON  Y  -  SERIES  60  SHIPS 


h/L 

n 

SHIP 

H 

imiiQgmii 

Cp  =  0.805 

0.1 

B 

0.165 . , 

0.182 

0.202 

1  12 

0.259 

Qum 

0.1 

O./f 

0,0685  j  ^25 
0.077 

0.073  .,  .,2 

0.082 

0.083 

0.094  ^ 

0,1 

0.4 

0.0215  ^  .,6 

0.025 

0.0257 

0.0297 

0,0297  ^  .ji 

0.0339  ^ 

0.8 

HggH 

|Q9| 

0.0044  .  2, 

0.0054  *  ^ 

0.0057  .  22 

0.00695 

0.00715  .  2P 

0.0087  * 

Quantities  tabulated 


■  ^V7y  _  0.4 


RiTIO 

lower  to  upper 
entry  entry 


Conclude  that  the  variation  of  P  ^7ith  Y  does  not  depend  on  the  shape  of 
the  ship  hut  that  it  is  slightly  influenoed  by  the  ratio  deptVlei^J^*. 


Mean  value 


of  / 

\ 


Y  = 


0.1 


Value  of 


(1"Y®)y  =  O.A- 


=  1 .10 


-  shows  general 


consistency  with  a  (l-Y^)' 


1 .16 
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cgsyroaiTiAi, 


TiiBLE  ift,  _SgRIj^S  ,60  SHIPS 
VALUE  OF  C„  .  ,  li. 

"  i-pv^  ^ 


l)/L 

Op  =  0.6i4 

j.  ars,-M. .  ia»» 

Cp  =  0.710 

C  p  =  0 . 805 

0.1 

22.0 

21.9 

23.1 

0.2 

9.3 

8.52 

8.34 

0,4 

3.03 

3.11 

3.02 

0.8 

0.65 

0.72 

0.77 

TABLE  5  OPPOSITE 


T^.IE_6_:-  ■..COMR''HISON  OF  DETAILS)  ijiD  /iPPROXBUTE  ESTla’i-TBS  OP  6/0  l 


Slip 

Cp 

Y 

h/L 

(6/0  l) 
Detailed 

(e/0L) 

Approk. 

Series  60 

0.614 

0.4 

0.4 

0.878 

0.868 

Series  60 

0.614 

0.4 

0.2 

0.755 

0.755 

Series  60 

O.6O5 

0.4 

0.4 

0.984 

0.993 

Series  60 

0.710 

0.4 

0.1 

0.761 

O.7O8 

ROn-iLLAN 

C-iSTLE 

0.65 

0.27 

0.171 

0.74 

0.77 

WATERL:'iID 

1 

0.391 

0.94 

0.96 
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TABLE  5:  VAfilATION  OP  DIMBNSIONLESS  P92  WITH 


(1) 

(2) 

— 

(3) 

(4) 

(5) 

Ship 

h 

L 

P 

p  /e' 

0.1 

0.4 

0.182 

0.501 

0.0835 

0.1 

0.165 

0.501 

0.082  3 

Series  60 

0.2 

0.4 

0.0770 

0.540 

0.0381 

Cp  =  0.614 

0.1 

0.0688 

0.559 

0.0383 

=  4.27  X  10"^ 

0.4 

0.4 

0.0252 

0.771 

0.0178 

0.1 

0.0215 

0.824 

0.0176 

Jj 

0.8 

0.4 

0.00542 

0.0082^ 

0.1 

0.00440 

WiMi 

0.0082S 

0.1 

0.4 

0.202 

0.113 

0.1 

0.181 

0.110 

Series  60 

0.4 

0,0815 

0.650 

0,0485 

0.1 

0.0730 

0,664 

0.0483 

Cp  =  0,710 

Jr 

0.4 

0.0298 

0.850 

0.0232 

0.0257 

0.907 

0.0232 

=  5.72  X  10 

jp 

0.8 

0.4 

0.00695 

1.740 

0.0111 

0.1 

0,00568 

1.965 

0.0111 

0,1 

0.4 

0.259 

0.736 

0.175 

0.1 

0.231 

0.736 

0.169 

Series  60 

0  7 

0.4 

0.0936 

0.767 

0,0658 

C„  =  0,805 

0.1 

0.0825 

0.778 

0,0639 

r 

0.4 

0.4 

0.339 

0.968 

0.0300 

V  -3 

=  1.31  X  10  ^ 

0.1 

0.297 

1.020 

0.0301 

z? 

0  8 

0.4 

O.OO869 

1.850 

0.1 

0.00715 

2.068 

0.094 

0.4 

0.368 

0.685 

0.231 

0.125 

0.4 

0.250 

0.691 

0.158 

SPA 

Cp  =  0.768 

0.25 

0.4 

0.0958 

0.748 

0.0656 

0.375 

0.4 

0.0539 

0.880 

0.0434 

0.50 

0.4 

0.0328 

1.077 

0.0324 

=  10.22  X  10 

0.625 

0.4 

0.0210 

1.336 

0.0257 

0.75 

0.4 

0.0140 

1.633 

0.02P9 
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SNSIONIESS  Pe2  WITH  h/L  -  KEEL-LINE  VALUES 


).501 

).501 


).540 

).559 


).771 

>.824 


1.650 

1,664- 


1.850 

'.907 


0.0835 

0.0823 


0.0381 

0.0383 


0.0178 

0,0176 


0.00826 

0.00822 


0.113 

0.110 


0.0485 

0.0483 


0.0232 

0.0232 


0.0111 

0.0111 


0.175 

0.169 


0.0658 

0.0639 


0.0300 

0.0301 


0.231 


0.158 


0,0656 


0.04.34 


0.0324 


0.0257 


0.0209 


(829) 


(382) 


(177) 


(824) 


(112) 


(484) 


(232) 


(111) 


(172) 


(18.1) 


(18.9) 


22.60 


15.45 


6.40 


(14.0) 


3  ,1.08 


M®L  ^  V  L 


1.61  (1.50) 


1.88  (1.57) 


1.75 


1.63  (1.48) 


1.43 


1.49 


lltan  1 .51 


C 
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TABLE  7:  COMPAfilSON  OF  DETAILED  AMD  APPROXIMATE  ESTIMATES  OP 


i 

L 

P(l-/)  Detailed 
Theory 

P(l-JI^)  Simple 
Theory 

Discrepancy 

Series 

60  Cp  = 

0.614 

0.1 

0 

0.182 

0.172 

“5'^ 

0.1 

0.2 

0.111 

0.120 

+8fo 

0.1 

0.4 

o.o6o 

0.064 

+lfo 

0.1 

0.8 

0.0224 

0.0221 

-Wo 

0.2 

0 

0.077 

0.086 

+11-^ 

0.2 

0.2 

0.054 

0.060 

+11^ 

0.2 

0.4 

0.030 

0.032 

+7% 

0.2 

0.8 

0.0112 

0.0111 

0.4 

0 

0.025 

0.043 

+729? 

0.4 

0.2 

0.021 

0.030 

+43fo 

0.4 

0.4 

0.0137 

0.0160 

+17^ 

0.4 

0.8 

0.00555 

0.00552 

Ofc 

0.8 

0 

0.0054 

0.0215 

+3009S 

0.8 

0.2 

0.00505 

0.015 

+200i^ 

0.8 

0.4 

0.00415 

0.00800 

+^OOfo 

0.8 

0.8 

0.00237 

0.00275 

+1692 

Series 

60  Cp  = 

0.805 

0.1 

0 

0.171  0.259* 

0.177 

+3^ 

0.1 

0.2 

0.135  0.137^ 

0.142 

+5% 

0.1 

0.4 

0.0873 

0,089 

+2fo 

0.1 

0.8 

0.0370 

0.0357 

-Wo 

0.2 

0 

O.O83  0.0936* 

0.0885 

+79S 

0.2 

0.2 

0.0674 

0.071 

+59^ 

0.2 

0.4 

0.0436 

0.0244 

+1^ 

0.2 

0.8 

0.0185 

0.0179 

-Wo 

0.4 

0 

0.0359 

0.0443 

+289S 

0.4 

0.2 

0.0292 

0.0355 

+22^ 

0.4 

0.4 

0.0206 

0.0223 

+89? 

0.4 

0.8 

0.00922 

0.00893 

-Jfo 

0.8 

0 

O.OO869 

0.0222 

+160^ 

0.8 

0.2 

0.00814 

0.0178 

+12C^ 

0.8 

0.4 

0.00681 

0.0111 

0.8 

0.8 

0.00400 

0.00446 

+129S 

X  Double-humped  signatures  -  Mid-point  value  entered  alongside. 
Agreement  with  the  mid-point  value  would  be  expected. 
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)  AND  APPROXIMATE  ESTIMATES  OF 


P(1-J1^)  Simple 
^fv‘~  Theory 

Discrepancy 

4 

0.172 

-5^0 

+0.074 

0.120 

+0.114 

O.O6A 

+  lfc 

+0.234 

0.0221 

-Wo 

+0.714 

0.086 

+  -\Wo 

+0.0144 

0.060 

+1 1^ 

+0.0544 

0.032 

+1% 

+0.174 

0.0111 

-^fo 

+0.654 

0.043 

+72% 

-0.226 

0.030 

-0.186 

0.0160 

+17^ 

-0.066 

0.00552 

Ofo 

+0.414 

0.0215 

+30092 

-1.19 

0.015 

+20C^ 

-1.15 

0.00800 

+10052 

-1.03 

0.00275 

+1652 

-0.546 

0.177 

+3^ 

+0.142 

0.142 

+592 

+0.182 

0.089 

+292 

+0.302 

0.0357 

-Wo 

+0.782 

0.0885 

+7% 

+0.082 

0.071 

+592 

+0.122 

0.0A4 

+192 

+0.242 

0.0179 

-3l92 

+0.722 

0.0443 

+2892 

-0.158 

0.0355 

+2252 

-0.118 

0.0223 

+892 

+0.002 

0.00893 

-392 

+0.642 

0.0222 

+16092 

-1.12 

0.0178 

+120^ 

-1.08 

0.0111 

+63^ 

-0.958 

0.00446 

+1^ 

-0.478 

}  -  Mid-point  value  entered  alongside. 
3oint  value  would  be  expected. 
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FIG.  I. 
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FIG.  2.  SERIES  60  KEEL  SIGNATURES. 
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FIG.  3  SERIES  60  KEEL 
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FIG.  4  SERIES  60  KEEL  SIGNATURES 
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FIG.5.  SERIES  60  KEEL  SIGNATURES. 
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FIGjiSCRKS  60  KEEL  SIGNATURES. 
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FIG.8.SERIES  60  KEEL  SIGNATURES. 


CONFIDENTIAL 


RG.9  SERIES  60  KEEL  SIGNATURES. 
CONFIDENTIAL. 


SERIES  60 


Cp  >  0  S05 
^l?.7-57XIO"® 


CONFIDENTIAL 


FIG.  10 


Cp>0'e05  KEEL  SIGNATURE 

^^«7-57XI0"^  Vl«  0-2 


FIG.  lO.  SERIES  60  KEEL  SIGNATURES 
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FIG.II.  SERIES  60  KEEL  SIGNATURES. 


I 


CONFIDENTIAL 


I 


CONFIDENTIAL 


FIG.  12 


FIG  12.  SERIES  60  KEEL  SIGNATURES 
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FIG.  13 


FIG.  13  LOGARITHMIC  PLOT 

OF  A  PRESSURE  PARAMETER  VERSUS  RELATIVE  DEPTH- 
MODEL  MERCHANT  SHIPS. 
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FIG. 20.  CURVES  SHOWING  VARIATION  OF  PEAK  SUCTION 
WITH  DISTANCE  ABEAM  AT  VARIOUS  DEPTHS.  SERIES  60. 
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FIG. 22.  VARIATION  OF  DIMENSIONLESS  pd* 
WITH  DISTANCE  ABEAM 
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FIG.  24.  VARIATION  OF  DIMENSIONLESS  P 6^  WITH  DISTANCE  ABEAM 
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FIG  26  FULLNESS  RATIO  VERSUS  DEPTH. 


CONFIDENTIAL 


A.U.W.E.  TECH.  NOTE  88/62 


CONFDENTIAL 


FIG.  27 


SCRtES  60  Cp  -  O  614 


O  =  01 

X.  =  0  2 
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FIG  29  MODIFIED  FULLNESS  RATIO  VERSUS  DISTANCE  ABEAM. 
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